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DATA ANALYSIS FOR NEUTRON MONITORING IN AN ENRICHMENT FACILITY

J. T. Markin, J. E. Btewart, and A. B. Goldman
Los Alamos National lLaboratory, Los Alamoa, New Mexico, USA

Abstract

Area monitoring of neutron radiatien to
detect high-enrichad uranium production is a
potential strategy for inspector verification of
sperations in the cuscade area cf a centrifuge
enrichment facility. ‘This paper dimcusses the
applicatiun of statistical filtering and hypothe-
sis tenting procedures to experimental data taken
in an enrichment facility. The results demon-
strate that these data analysis methods can
enhance detection of facility misoperation by
neutron monitoring.

1. Introduction

International safeguards for enrichment
facilitier muat include strategies for assuring
that the facility is not misoperated to produce
highly anriched uranium (HEU). BSeveral potential
radiation monitoring strategies asensitive to HEU
production are presently under conaideraiion for
inspector use in gas centrifuge enrjichment facil-
itiex. These methuds consist of neutron and gamma
monitoring to detect anomalous increases in the
radiation environment of the cascade area. One
strateqy employs continuous monitoring of neutron
lavels with ]Ho/polycthyllne detectora mounted
at fixed poaitions Iin the cascade a-ea. Since
June 19R0. a prototype neutron monitor 1yntom,1'7
including four monitor stations and a minicompu-
ter-hased Aata acguisition mtation, wag operated
nearly continucualy at US centrifugce development
facilitlen at Oak Ri{dge, Tennesnmee. Gince June
1981, two additional moniters have heen operating
at URFNCO centrifuge facilitier at Almeln, the
Netherlanda. This report Aeacrihen data analyain
procedurea that cap enhance the information ex-
tra-ted feon neutron meanurement data.

2:__Fuperimental Tesulvp

Exparimenta)l data taken at the Advanced
Fngineerina Ter! Faci)ity (n Oak Ridge has haen
used to test the proposed data analyais proce-
Airea. In theme anrperiments, gam cantrifuges
similar to the type to be inatalled at the
Portsmouth faclility wrre opurated at several
levelm of enrichment. A JHe/polyethelene fanmt
neutron detector placed near the centrifuges
measure® the rneutron level dus to har'ground and
machine minnperation wi.lle a remnte monitor pro-
vided a reference for the peutron }arkground.
The erperiment ronenimted of perioda of 168, %28,
and S0% epnrichmen operation separsted by perioda
nf off-gan operat inn Belectead measirement data
rom thin erperiment are uvivaen in Flg. 1, which
denrriben the neutron \eyel measured by one of
the monitors neay the mianperated centrifugen.

V. Analyain ™y lu-mhu__ll_ll

“ontinuouae monttering of newtyon levels in
the carcate area providea an inspecior with the

means for timely detection of aromalies in cas-
cade area operations. Further, where a suffi-
cient number of these monitors are located
throughout the cascade area, the source of the
anoraly may be lncalized. The proposed analysis
procedure estimates the true neutron level from
the noisy measuraments and detects when that
level has increased sufficiently that an anomaly
should be daclarad. This paper discussea the
application of statistical filtering to neutron
signal estimatior. and otatistical hypothecsis
testing to detect abnormel siynal increases. The
hypothesis testing procedures are structured to
control the detection and false-alarm probabijl-
itiaes.

Detaction of HEU production by the proposed
neutron monitoring system is considered to b: a
problem in satatistical hypothesis testing. The
hypothesis Hy of a neutron level indicating
normal operation ls tested against the alterrna-
tive hypothesis H; of an increased neutrci,
level., Testing these hypotl.ymes reaguire the con-
ditional probability densities of the neutrar
measurements Zy, ..., Zy under each hypothetis.
1f Hp is true, the prohability density ix
plZ1, ««-, ZylHg) 1 similarly, if H} {m true, the
probability denmity is p{Z), ..., Zy'H}]l. A test
procedure for deciding between Hg and Hy ir the
probability ratio teat,3 The probability ratin
for the measurement sequence is

s ovea, 201
] N“)l
Z eva, Z_IH
I’l 1l N rl

plz

PR(N)

Thim ratin is a number thar measures the relat)ve
ilkalihood of the two hypnthemes given the mpan-
urement s. larger values of FR(N) favor Hy; and
smaller valuves favor Hp. The teaL procedure
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consists of comparing the propability ratio to
an upper threshold TU and a lower threshold TL
and applying the decision rule

accept Hj whan PR(N) > TU
accept Hg when PR(N) < TL

and take another measurement and continue testing
otherwvige. When the hybntheses Hp and H)
ure simple (they completely aspecify ths condi-
tional densities), the probability a (falme-
alarm probability) of accepting H; when Hj
is true and the probability 8 (miss probabil=-
ity) of accepting Hy when Hy is true are approxi-
mated by defining the thresholds

1 -8R
and TU a .

TL =
L ]

The formulation of the problem of detecting
HEU production leads to the composite hypotheses

H : -
of \ Uo

and

. 1 >
Hl' ] “U ’

where up is the expacted neutron measurement
when Hp is true and U 4is the true neutron
level. The uysual way of treating the probability
ratio test when hypotheses are composite im to
form tha generalized probability ratio

Max plZ(N)lu)
U
GLR(N) =

Max plZ(N)Iuo)

4., Statiamtical Filtering

Filtering® is a method for eamtimating the
current value of a signal using nniay meamure-
ments of the nmignal. Applying this method to
eatimale the neutron eignal Yrom the uranjium
fnventory of enrichment centri{fugeas requires an
entimate of the neutron hackground measured bhy
the detector. For this analysis tne remote moni-
tor background meamurements werm used to emtimate
the background for the centrifuge monitor. The
meanurement model for the remote monitor iw

xN - H(:N + (lN '

where MGy ia the true bhut unknown backgreand
at the remnte monitor and ny fux the meanure-
ment erior. The srror model fer the ceptrifurnge
monitor in

- 4 *nG
VN RN (AN nrN

+ I|N) + “N '

whers Yy {a the meapurem nt, By s thsa neu-
tron aignal from the centrifuges, aN*AGy 4 hy ex-
preseen an amnmumed ({me-varying linear relation-
ship betwesn the lackyround at the remots and
contrifuge monitora, and Ay la the measuremant

error. Estimating the background at the centri-
fuge monitor by An*Xy + by, where ayn.ly are esti-
mates of apn,by, and subtracting this from
YN gives

Z" - BN + YN '

vhere Y:; ia an error term that depends on
aN, By, and the uncertainty in estimating the co-
afficients ay, by- The statistic 2y is
the object of the filtering procedures to esti-
nate Sp.

The Kzlman filter provides an estimate of
the true value of a signal that is aembedied in
noise. Application of the method requires a
model of tha signal as a function of time and a
model of the noisy observations of the aig.al.
For th!s problem the signal is assumed to be
constant

and the obgervatiun model ia

- +
Z By * Y

N (1)

N L
where YN is the measurement ervor. The only
krowledge of the signal is through the noisy
measurement relationship in Eq. (1).

The filter estimate of By is & waighted
linear combination of the obaervations 2;,
veny ZNe This linear es{imate can be expresaed
in the recuraive form

Bn " Sn-1 t Ra'Zy 7 Sy

where QN is the =mignal eatimate at time N.
The filter gain Ky ls calculated from

where Vy im the varlance of the sestimate £y
and Wy is the varlance of yy.

Tha Kalmen filter method provides a minimum-
var'ance, unblased estimate of the true neutron
signal Irom tha centrifuges. Wher his estimate
excends the neutron level for ncrmal anrichment
by t%wice tha standard duviation of the estimatre,
thera is an indication of an anomaly. However,
the decision between Hy and H; should be
wmade using the probability ratio test that allowa
control of the error probabilities. The Kalman
filter ma:hod im umed to emstimate the unknow!
quantities in the conmiitional prohebility denmi~
tiep in the prubability ratio.

5:_Deta Analynis Memults and Conclusions

The experimantal data in Fig. 1 have heen
analyred uming nth flltering and hypothesis
tenting proceduras. Filtering of the datc -
repmiwaented in Fig. 72, which fta the Kalman filter
eptimate of the neutron mignal from the centrpi=
fuges. The enlimate la contered atl the 2



standard deviation error bara. Periods of in-
creaszd enrichment are identified as positive
Aaviations of the signal estimate by more than 2

‘'rd daviations from the zere neutron signal

le

* probability ratio for deciding between
Hy an. 1) is plotted in Fig. 3. Upper deci-
sion th: sholds have been selected for approxi-

mate false 'larm rates of 0.01 and 0.001. When
the probabi ity ratio exceeds the upper thresh-
old, detect! n of an anomaly is declared. En-
richments of 52 and 90V are sasily detected at
the 0.001 level. Enrichments of 20% -=ould be
detected at a false-alurm rate somevhat higher
than 0.01.

These results suggest that statistical fil-
tering and hypothesis testing procedures can be
useful to an inspector for extracting information
about facility operation from noisy measurement
data: The filtering methods can estimate neutron
signals from enrichments near 208, and hypothasis
testing procedures can dataect enrichments near
208 with a false-alarm rate betwean 0.01 and
0.001 per year.
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Figq. 2. Filtered data.
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